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Abstract— This paper introduces the model order
reduction (MOR) based on the proper orthogonal
decomposition (POD) for optimization of electromagnetic
devices. The computational time for optimization can be
reduced by using this method. In this work, the shape of an
inductor is optimized by using the adaptive genetic algorithm
and MOR based on POD. It is shown that the present method
provides the same optimization result as the one obtained by
the conventional method with shorter computational time.
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l. INTRODUCTION

In recent years, model order reduction (MOR) based on
the proper orthogonal decomposition (POD) has widely
been used for the time-domain analysis of fluid and
electromagnetic fields [1-4]. In this method, we apply
principal component analysis to variance-covariance matrix
which consists of solution vectors shapshotted during
transient state. We then obtain basis vectors for reduced
system from eigenvectors of variance-covariance matrix. By
using MOR, we can shorten the computational time in time-
domain electromagnetic analysis [2], [3]. However, it has
been pointed out that numerical errors can exist in the
magnetically saturated region [3]. In order to overcome this
problem, the subdomain reduction technique, in which the
MOR is applied only to the domain excluding the nonlinear
material domain, has been presented [4].

Because MOR can accelerate electromagnetic field
analysis, it would be very effective for optimization
problems which need multiple field analyses [5-7]. Three-
dimension shape optimization has not widely been
performed since three-dimension electromagnetic analysis is
very time consuming so far. It is expected that MOR allows
us to perform three-dimension optimization in practical
design processes.

In this paper, we introduce the fast optimization method
for three-dimension electromagnetic devices using MOR
based on the POD. In this method, we snapshot the solution
vectors of various shapes analyzed during the preprocessing
of optimization, from which we can obtain the basis vectors
to reduce the order of the original system. Moreover, the
subdomain reduction is applied to the air region surrounding
the design region. The computational time for optimization
is expected to be shortened by the present method. In this
work, we employ adaptive genetic algorithm (GA) [8],
which gives faster convergence than conventional GA, for

the optimization method. It is shown that the present method
can effectively reduce the computational time for
optimization.

Il.  MODEL ORDER REDUCTION FOR OPTIMIZATION
Let us consider a linear equation

A(u;)x; =b(u;) 1)

where AeR™™, x;, beR™ and u; is the design parameter
vector to determines the electric devices design. Here, to
obtain the design basis vectors, eq. (1) is solved for various
design parameters u;, where 0 <i <'s, where s is number of
snapshots, which is much smaller than m (m>>s). We then
apply principal component analysis to the matrix X defined

by

X=[x,—p X—p - X —pl )
to have
X=WEV' =W,V +0,W,V; ++- -+ oWV, 3)

where ¢, i=1,2...s are singular values, w; and v; are
eigenvectors of XX"and X'X, respectively and x is the mean
vector of x;. The original unknown vector x; can be
expressed by the linear combination of reduced vectors
yeR'

X =Wy. 3)

I1l.  ADAPTIVE GENETIC ALGORITHM

In the adaptive GA [8], crossover, mutation and
selection of probability are varied automatically being
dependent on population dispersion. For example, if
population dispersion is high, it is suppressed by setting
higher crossover of probability while if it is low, crossover
probability is made lower. Therefore, this method
accelerates convergence of GA processes.

IV. OPTIMIZATION RESULTS

In this work, we optimize the inductor model shown in
Fig. 1 which has four design parameters (u = [a, b, ¢, d]").
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Fig. 1, Inductor model for optimization.

TABLE.I, OPTIMIZATION RESULTS

f(u) L(u) Computational time
Conventional  0.00321 0.997mH 62944 sec (100 %)
Present 0.00321 0.997mH 22512 sec (35.8%)

The FE mesh has 59317 elements and 187200 variables,
while design region has 26460 variables. By applying MOR
to the domain surrounding the design domain, the number of
unknown variables then is reduced from 160740 to 20. The
magnetic material is assumed to have constant permeability
whose value is set to £=100.

To test the validity of the present method, the difference
between the inductance values Lieguction cOMputed by MOR
are Lorigina COMputed by the conventional FEM is evaluated.
The results are shown in Fig.2. We find that the standard
deviation in the difference is much less than 1%. The
inductor is optimized so that its inductance is Ly=1mH.
Hence, the objective function f(u) is defined as follows :

= C))
fu) ==

T

where L(u) is inductance of the inductor model shown in
Fig. 1. The numerical results in the conventional and present
optimization methods are summarized in Table I, from
which we find that the value of f(u) and L(u) obtained by
conventional method coincide with those obtained by
present method and the computational time for optimization
in the present method can be shorter than that in the
conventional method. The changes in the fitness values for
both methods during the optimization processes are shown
in Fig. 3, in which we can see no clear differences between
them.

V. CONCLUSION

In this paper, we have presented the MOR based on the
POD for optimization of electromagnetic devices. It has
been shown that the result of optimization with present
method is the same as that with conventional method and
computational time for optimization is can be effectively
shortened. In the full paper, we will apply the present
method to other optimization problems, such as inductor
with nonlinear material and antenna.

Q)

800 -

700 -

600 -

500 -

400 -

300 -

Frequency

200 -

100 -

s ap T S BUMME

-4.8E-03 -3.2E-03 -1.6E-03 0.0E+00 1.7E-03 3.3E-03 5.0E-03
(L L

Fig. 2, Relative error distribution in the computed inductance.
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Fig. 3, Changes in the fitness values during optimization.
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